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ABBREVIATIONS

Abbreviations used fh this report are listed below:

and Height 6.

1. Length
| am 2 millimeter
cm @ centimeter
m:  meter .
km @ kilometer.
CMSL : mean sea level
- EL ¢ elevation
2. Area
cn®:  square centimeter 6
e ; square meter _
km® : square‘kiTometer_
“ha hectare _
MSM : million square meter
3. yp1ume _
it, 1 : Yiter ( = 1,000 cmd)
wd . cubic meter
MCM : million cubic meter
4. MWeight
mg : Mil]fgram
g @ gram
kg : kilogram
t (ton} : 1,000 kg
5. Time 8.
"sec : second
min : minute
hr hour
yr year

"Electric Measures

KV : kilovolt
kd : kilowatt

kWh : kilowatt-hour
Md  : megawatt

MiWh megawatt—hoﬁr
GWh '

gigawatt-hour

Other Measures

%t percent
'PS -: Hhorse power
°C : centigrade

cubic meter

m3/sec, md/s :
' per second

 Tit/sec/ha, lit/s/ha :

liter per second per

_ hectare -
cm/sec, cm/s :  centimeter per
second
t/ha : ton per hectare
~ ppm part per million

'No(s).'no(s) 4 numbe?(s);

SPT : standard penetration .
test
Currency

Us $ : US Doltar

P : Philippine Peso
(US $1.00 = P7.50)



Other Abbreviations

ADB - Asian Development Bank

BPW - :Bureau'of Public Works -
BCGS - Bureau of Coast and Geodetic Survey
BS -~ Bureau of Soils
BFCD ~ Bureau of Flood Control and Drainage
BPI - Bureau of Plant Industry
BAI - Bureau of Animal Industry
BAEcon - - Bureao'of‘Agricu1tura1 Economics
BAEX - Bureau of Agricultural Extension
BFAR - Bureau of Fisheries and Aquatic Resources
GOP - Government of the Philippines
IBRD - -International Bank for Reconstruction and Development
- JICA - “Japan International Cooperation Agency
MND - Ministry of National Defense
MPH - Ministry of Public. Highways
MPW - iM1mstry of Pub11c Works
MPWH - M1n1stry of Public Norks and Highways
MAR - Ministry of Agrarian’ Re;orm
MWSS - Metropolitan Waterworks and Sewerage System'
NIA - National Irr1gat10n Administration
NFA - National Food Authority
NPC - National Power Corporat1on_
NEDA - National Economic and Development Author1ty
NWRC - National Water Resources Council.
- FSDC - Farmer's” System Development Cooperat1on
MRRTC - Ma]igaya Rice Research and Tra1n1ng Center
UPCA - University of the Philippines Co]]ege of Agr1cu1ture

: at Los Banos
M-99 - Masagana-99 Program

PD/CS Area Development Project - Pampahga'DeTfa/Candaba Swamp
: ' ' Deve?opment Project

OECF : - Overseas Econom1c Cooperation Fund

PAGASA - Ph111pp1ne Atmospheric, Geophys1ca1 and Astronom1ca1
Services Administration
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NSDB
RP
-~ TFFCRA
UNDP
USAID
IRRI .
NASUDECO
PASUDECO
c1s

RIS
PIS
USBR
PRSC-PMO

I3

1

!

i

1

‘National Séience Dévei0pment-Board.

Repub11c of the Ph111pp1nes

Task. Force for Flood Control and Related Act1v1t1es
United Nations Development Program ‘
United States Agency. for International Development
The International R1Ce_Research Institute

National Sugar Development Corporation

- Pampanga Sugar Development Corporation

Communal Irrigation System

River Irr1gat1on System

Pump Irrigation System - :
Un1ted States Bureau of Reclamat1on

-Pampanga River. Control System Project Management
Off1ce _
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“-APPENDIX IV FLOOD CONTROL
CHAPTER 1~ INTRODUCTION

The study of" f}ood contral was carrled out, stepw1se ‘Phase. I and
Phase 11. The study on Phase I is to formulate the most optimum basic
plan of flood control, - As & result of the study adopting 100-year return
period as design flood, the plan by means of the channel improvement of
the Pampanga River was identified as the most opt1mum flood control plan.
"The results of the study on Phase I are described in Appendix I.

- The study on Phase 11 is to conduct ‘the feas1b1}1ty study for
finalization of the optimum plan. From the viewpoint of the implementation
of the project, the stepwise flood control plan was studied adopting 20-
year design flood. The basic course of the study of the flood control.
plan on Phase II is as follows:

a. The f100d contro] ptan by means of channe] improvement w1th
100- year design flood as the basic p]an

b. The stepw1se flood control plan: by means of channe] improve-
ment. w1th 20-year des1gn flood as the fea51b1}1ty study

This Append1x presents the results of the study of. flood cnntro]
plan on Phase 1I. The evaluation of the proposed flood control plans is
not included in this Appendix. :

v -1



CHAPTER 2 BASIC FLOOD CONTROL PLAN

2.1 OQutline of Basic Plan

The purpose of channel improvement of the Pampanga River is.to.
orotect the -land of the South Candaba Swamp and the land downstream below
Sulipan, Calumpit against flooding from the Pampanga and Angat Rivers by
constructing levee along the rivers., The improvement works.mainly consist
of .embankment of levee, widening and excavation of the river channel on
the stretch between Candaba and near Manila Bay.

At present, the Pampanga River branches into two channels at about
15 km from the rivermouth, i.e. the main Pampanga .River flowing directly
to Manila Bay and the Bebe San Esteban Cutoff channel flowing out from
" the Pampanga River to the Pasag River. For channel improvement on this
stretch, it is studied about the following two methods.

Method - 1: Improvement of the Bebe San_Esteban Cutoff Channel

For the Bebe San Esteban Cutoff Channel, embankment of levee,
widening and excavation:of channel will be executed in order to
increase carrying capacity of the channel. For increased flood:
discharge from the Pampanga River to the Pasag River, the channel
of ‘the Pasag River will be excavated to keep the flood water level
at present. -During flood time, all -flood discharge from the up-
stream'will be confined in the Bebe San Esteban Cutoff Channel
constructing flood gate at the left side of the diversion point.

Method - 2: Improvement of the main Pampanga River
For the main Pampanga River, embankment of levee, widening and. _
‘excavation of channel will be executed in order to increase carrying
capacity of the channel. For the Bebe San Esteban Cutoff Channel,

it will be kept the present condition, but the heightening of the
existing levee will be carried out.

- The discharge distribution of 100-year design flood for the above
two methods are shown in Fig. 2.2. .The river channel alignments of the
methods -are planned as shown in Fig. 2.3, and the cross-sections of the.
channel of Method-1 are shown in Fig, 2.4, : :

'The'wofk'quantity and direct 60hst?ﬂct{on cost of the methods are
estimated as shown in Table 2,1.. They are summarized as follows:
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 Item . Unit  Method-1  Method-2

1. Embankment of Levee

Pampahga River - 103m3 . 1,330
Bebe S.E. C.0.C.: 103m3 - 1,205 1,460
Pasag River S 103m3 265 -

2. Excavation of Channel |
Pampanga River 103m3 .- 11,840
Bebe S.E. C.0.C. 103m3 9,480 1,460
Pasag River 103m3 22,630 -
3. Construction of Outlet nos 6 4

4. Construction of Fishpond . .

© Intake nos - © 26
House Compensation ha . 580 550
Land Acqu1s1t1on : . nos 325 1,450
7. D1rect Construction Cost P10§ ' 379 239

The above result shows that thé construction cost of Method-2 is
Tower than that of Method-1. Therefore the methods of the improvement
of the main Pampanga River on the stretch below Bebe Masantol is ‘adopted
in this study. For the Bebe San Esteban Cutoff Channel, the he1ghten1ng
-of the existing levee’ is planned, as the top of the ex15t1ng levee is
tower than that of the proposed 1evee

w1th regard to the Labangan F]oodway, the floodway is presently under
construction in the second stage by MPWH. The channel is being excavated
to a bottom width of 80 m. The carrying capacity after comp]et1on of the
channel is estimated at about 500 m3/s. The plan in the second stage of
“the Labangan: Floodway-does not include construction of levee. The con-
struction of leyee is therefore planned:on the both sides along the
floodway within the ex1st1ng right of way, in order to 1ncrease bankful
capacity to 1,850 m3/s.

' 2 2 Des1gn F]ood

: In th1s present study, 100-year return period for’ the basic p]an is
“adopted as design flood which is the standard: Tevel adopted by MPWH flood
“control scheme. Using the hydraulic simulation model, the flood d1scharge
d1str1but1on for.the existing channel condition is ana]ysed as shown in
Fig. 2.5.  Then the flood discharge distribution for the improved channel
cond1t1on by the basic plan is anaiysed as shown in Fig. 2.6.
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2.3 Projectfworks

2.3;1 Design Criteria

“a. Aseries of the topographic maps of 1/25 000 scale are used for
design of low-water channel and levee a11qnments

b. The topographic maps of 1/5, 000 scale and the cross-sections
surveyed .by MPWH are used for design of structures.

c. 'Data on river cross- sect10ns with interval of 1-2 km surveyed
“hy MPWH are used for des1gn of river cross-sections.

d. Data on soil property investigated by the Team are used for
de51gn of construction works.

e. Manning $ roughness coefficient "n" for des1gn is adopted 0.03
- for low-water channel and 0.05 for high-water channe]

f. The followings are adopted for design of Tevee cross sect1on
‘as standard values.

Desidn'Disdharge Free Board Crest Width  Side Slope

(mj/sec) o {m) (m) ‘
1ess than 2,000 1.0 6.0 1 :°3.0
-2, 000 - 5, 000 N 1.2 6.0 1% 3.0

more than 5,000 1.5 6.0 1: 3.0

In the backwater section of a tributary, the values mentioned
above are determined that it is not lower than the vaiues of the
main river. .

The_banquettes of.aileVee”are.designed_asfspecified:that:the‘ _
banquettes are subdivided every 3 m to 5 m from the crown on the
riverside if levee height is 6 m or more, and every 2 m to 3 m
from the crown on the landside if "the levee he1ght is 4 mor more.

2 3.2 A]1gnmenL

The ex1st1ng river channeT meanders in several locations. ' To secure -
-the stab1]1ty of the proposed channel, it is planned to moderate excessive
meandering by means of cutoff. The total 1ength of meandering’ port10ns
to be cutoff is about 2 km out of entire river lenath of 42 km. The
proposed a11ghments of the river channe] are shown in’ Append1x XI Drawings.

:2 3.3 Prof11e

Based on the prof11e of the ex1st1ng river channek;as shown in- Table
2.2, the proposed longitudinal profiles of the river channels for the basic
p]an are planned with regard to the Pampanga River, Bebe San Esteban
~Cutoff Channel, the Labangan F1oodwaj including the lower part of the Angat
River and the'Maas1m River as shown in Fig. 2.7.
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2.3.4. Cross Sect1on

‘As the Pampanga R1ver has extremely large seasonal fluctuation. of
discharge, composite-type cross section is planned in view of stabilizing
the Tow-water channel and protect1ng the levee against flood flow. - The
high water level in the channel is des1gned as almost the same level as
the existing levee on the right bank in view of the safety of embankment.
Accord1ng1y, the maximum flow ve1oc1ty at flood time does not exceed
2 m/sec in low-water channel and is about 0.6 m/sec on. the high-water
channel. -The width and depths of channels in the. composite-type cross-
section 1s des1gned based on the above flow velocities.

_ To treatment of excessive excavated soil and to. Create the h1gh land
for living space for transfer of the existing houses along the river, the
base mound is planned to'construct on the proposed levee site us1ng
dredged 5011 transported from the river channeI .

W1th regard to the sett]ement of embankment the sett11ng thickness
are est1mated at 0.3-1.0 m based on soil mechan1ca1 analysis, and these
values are cons1dered for design of Tlevee and base mound.

The proposed channe] CY0nss- sect1ons are shown in Fig. 3.12. The

deto11s with regard to design of levee and base mound are descrlbed in
Chapter 3 .

2.3.5 Required Construction Works -

The maan works of the channe1 1mprovement are excavat1on of low-water
~”channe] and embankment of continuous levee a]ong the river. The work
‘quantities are summarized below

Excavation of Low-water Channel: 46,380,000 m>
Embankment of Levee: . . 10,500,000 m3
Embankment of Base Mound: 35,880,000 m3
Revetment | 4,000 m |
Qutlet ' 19 places
Intake of Fishpond ' 26 places
Reconstruction of Bridge . 3 bridges

2.3.6 Land Acduisition:and Compensation

‘The land to be acquired for the implementation of the project works
is approximately 670 ha in the stretch of Candabe-Sulipan and 1,860 ha
in the stretch of Sulipan-Manila Bay. Of the total area of 2, 530 ha,
paddy field is°1,080 ha and fishpond is 1,450 ha.
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- The land: of paddy field on the proposed low-water channel and Tevee
sites is planned to be compensated. But the paddy field to be high-water
~ channel is planned out from compensation, becausé the condition of the
land would not be much changed by the 1mp1ementat1on of the project.

With regard to' the fishpond to be confined in the proposed channel, the
land is planned-to be compensated, since the land to' be high-water channel
'can not used for fishpond after comp]et1on of the proposed 1evee

Tota1 number of houses existed in the area of the proposed river

. channel is°6,700; - These houses are p1anned to be transferred to newly

created h1gh land at the outside of the proposed levee.

2.4_'Con3truction Cost and F1ood‘C0ntro1 Benefit

2.4.1 -Constfuction Cost

_ ' Construct1on tosts are composed of cost required for civil works,

- land acqu1s1t10n and compensation, contingency and engineering and
administration. ' Cost required for civil works is accountéd by mu1t1p1y~
ing work quantity by unit cost. -Cest for contingency is -assumed at 15%
of-the total costs for civil WOTKS acqu151t10n and- compensation.
tngineersng and adm1n1strat1on cost is also assumed at 6% of the sum of
the above-mentioned costs. The construction cost for the project is
estimated at Pi 081 x 106 at the 1981 price as shown in Table 2.3.

| 2.4=2 Flood Contro1 Benefit

N Benef1ts that will accrue: From execut1ng flood control works are
given:as effects of decrease in flood damages. Decrease in inundation
areas by flood control project are estimated on the basis of the results
~ of hydraulic ana1y51s as shown in Table 2.4.. The network of the hydraulic

-simulation model is shown in Fig. 2.8. Then, using these values, decrease
in flood damages are estlmated as shown in-Table 2.5.  The land to be
aquired as right of way isievaluated in terms of negative behefit.

The- negative benefit is defined as the loss of the primary prof1t The
average annua] benefit is est1mated at piol. 5 x 106 as shown 1n Table 2.6,

In add1t1on to the vatue ment1oned above the benef1ts accrued from 6
increased fish: product1v1ty in the fishpond area are estimated at P6.7 x 10
per annum as described in paragraph 3.6. 6Consequent1y, the flood control
benefit in aVerage amounts. to P108.2 x 107,
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CHAPTER 3 STEPWISE FLOOD CONTROL PLAN

- 3.1 Qutline of Stepwise Plan

Although the flood contro] project with 300 year des.gn f]ood is
selected as basic plan, much fund will be required to implement such a
big project. Tt is actual and practicable that such a large scaled f100d
control progect be- deve]oped stepw1se

From this reason three alternative stepw1se plan are examined by
the scale of design f]ood of 10-year, 20-year and 50 -year. The results
of the study are summarized below: SR '

Plan . Design Flood Benefit Economic Cost- IRR

(year) (p1ov) (p100) %
Plan - A 10 58.4 389 10.5
Plan-B . . 20 91.9 - 640 10.8

Plan-C 50 $97.3 797 9.8

© i The above table shows that Plan- B has hlgh economic va]ue of IRR in
':compared with the other alternatives. The plan .with 20-year design flood
"is therefore proposed as stepwise f]ood control project of the Pampanga
River from the standpoint of high economic value and socio- economic
cond1t1ons “in the area.

On - the other hand the recorded h1ghest water Tevel STnCE 1960 at
the Candaba ‘gauge stat1on is EL.. 8.24 m of the 1976 flooad which corresponds
toabout 19-year return period. The river channel to be ‘improved by the
stepwise p]an with 20-year design flood has a capacity to carry the said -
f]ood

3.2 Désﬁgn Flood |
. For stepw1se plan, 20- -year return per1od is therefore adopted as
design flood. The flood discharge distribution for the existing channel

and for the improved channel by: the stepwise plan are analysed as shown
in Figs. 3.1 and 3.2 respect1ve1y .
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| 3.3 Project Works
3.3.1 General

The proposed river channel stretches for improvement are planned as
same as the'basic;p1an, The levee of the Labangan Floodway is planned to
be completed in this step. The excavation of the.channel, embankment. of
levee and construction of the related structures will be executed in this
step on -the level of 20-year return period. The proposed channel align-
ment, profiles, and cross-sections are shown in Appendix XI Drawings.
The‘typicai cross-sections of the proposed levee are shown in Fig. 3.3.

The proposed river channel improvement works comprise the construction
of new levee in a length of 97 km, heightening of levee in a Tength of: 36 km,
excavation of low-water channel in a volume of 33 x 109m3, revetment of
4 km and construction of_re]ated structures such as outlet culvert and
bridge. The work quantities for the stepwise plan.are shown in Table 3.1.

3 3.2 Des1gn of Levee and Base Vound

Since a 1evee is constructed by 5011, it is necessary to check its
safety against external forces due to flood and others. In designing
the cross-section of levee in this study, stability of levee is studied

- from the v1ew points of sIope failure, seepage and settlement.

_(1)_ Stab111ty.of Levee Slope

. Slope failure is generally classified into 3 types, namely; toe
~failure, base failure and slope failure as shown in Fig. 3.4.
In checking such slope failure, critical height of slope and its
stabitity factor aré examined using a methed, so-called the Tailor's
Dlagram as ‘shown in Fig. 3.4. .

The re]at1on between critical he1ght and stab1]1ty factor is given
in the fo11ow1ng

where, Ng: stability factor .
' re: ”effect1ve unit weight of bank mater1a]
3H¢:3 critical height
'cohes1on _
t: ‘thickness of conso]1dated layer
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bank- Hi= nd-H _

x

//////// / LLINIL

Usihgﬁthe Tailor's diagram, stabﬁlity factor or safety factor is
checked adopting the following conditions.

—

Stretch Bt H H
(degree)  (m) {m) (m)

P-12K = POK 18.3 4.5 4.6 . 9.1
POK - P8K 18.3 6.0 4.7 10.7
P8K - P28K 18.3 6.0 5.9 11.9

Remarks: H: ‘height before settlement

‘The effective unit weight of bank material (ry) dnd cohesion (C)
are-assumed at 1.8 t/m3 ‘and.2.2 t/mZ respectively, based on the

“results of the geological investigation., The estimated safety
factors are as follows: -

Stability Factor Stab111ty'Factor Safety

. _ Obtained from ‘Obtained from Factor
‘Stretch Proposed Slope’ Tailor's Diagram

: -H 1_retH =ﬂ§_.

| - nd=g Ns - - Ns N=gc
P-12K - POK 2.00 6.2 3.8 1.6
POK - P8K 2.28 6.1 3.8 1.6

P8K - P28k 2.02 6.2 4.8 1.3

To determine the levee slope, the safety factor should be adopted
the value more than 1.2. As the estimated factors exceed the '
critical value, the proposed levees with s]ope gradient of 1:3 will
withstand aga1nst sliding.
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{2) Seepage Line through Levee

Seepage line through levee is generally'expreésed as.a pa%abolic
curve which has a focus on the impermeable base as illustrated below:

Y
_ Levee -
: / - R
Ho : b
: | ~
x|
e
L.

Based.oq.the"Dafcy‘s Law and the continuity equation, Dr. Mononobe
derived the following formula. '

L = cj§ Hodt
b (A-2)
L o x2. -

'_where; K:. coef%icient of permeabﬁ]ity
| Ho: mean water depth during dt hours
creeping distance of seepage line
thstaht {2.0 m/hr) '
r: void ratic )
dt: duration time of Ho
‘Iﬁ order to determihe'the fequired width of levee, seepage line is
examined adopting the stage hydrograph of design flood with 20-year
return period as shown in Tabie 3.2.. The values of K and r are
assumed at 0.1 m/hr and 0.3 respectively, based on the results of

5011 -investigation. The height of levee and duration of flood are
as follows: : : :
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“River Sect. No. Levee - - Ho dt
~ (hr)
70
120
70
120
50
110
50

=
=3
L

Pampanga River P20K - Existing
Pampahga River P20K Proposed

Pampanga'River POK : Pfoposéd

—_— O PN :\3@_ ]
e OUr W W

Labaﬁgan F]oodway O L-4K Proposed

The estimated creeping distance of seepage line are shown below:

River | Sect. No. - Levee ~Ho L

| Wy W)
Pampanga River  P20K Existing - 3.4 17.9
o 2.9 216
Pampanga River P20K " Proposed 3.4 - 17.9
- | | R 2.9 21.6
Pampanga River © POK Proposed 3.5 15.3
| 3.0 21.0
Labangan Floodway L-4K Proposed = 1.8 -11.0
o 1.5 12.7

‘Fig. 3.5 shows the estimated seepage lines through levee. From this
figure, it is recognized that the seepage lines of the levee do not
reach to the slope of landside. Hence, the levee will w1thstand
‘against seenage force due to flood.

Sett1ement"of Levee and Base Mouhd

For est1mat1ng ‘the sett]ement of 1evee and base mound, 3 Cross-
sections are selected on the basis of geological cond1t1on and height.
of - embankmeént. The cross-section is’ ‘divided into 2 portions of base
mound and levee, because of difference of its sett]ihg thickness.

The settlement due to consolidation 15 estimated by use of thé

follawing formula app1y1ng the values for the typical foundation
layer as shown in Fig. 3.6
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en .. €
d - p0-El

where, d: settlement (m) _
h: thickness of consolidated layer (m)
eg: void ratio before loading
'e1: void ratio after Toading
The values of ey and e} are determined based on the results of soil
investigation. The stress after loading (P1) is obtained from the
relations as shown in Fig.*3,7.

The following values are used for the calculation of sett1emént.

Condition : Un}%/ig;ght

1. Consol idated layer

- above ground water Tevel 1.70
- below ground water level 0.70

2. Sandy soil

_ above ground water level 1.80
- below ground water level ‘ 0.80
3. Dredged soil (sandy soil} 2.0

4."Baﬂk%hg.by dredged soil

S PO
oo -

- thickness = 1.0m .
- thickness = 2.0 m, upper 1 m
=2.0m

- thickness s under T m -

The'§ett1emEht of 1éVeé and base miound ‘are est1mated‘as shown in
Tabies 3.3 and 3.4, under the fo]]ow1ng assumpt1ona

a. Although the’ ground surface is 1rregu1ar depend1ng on topograph1c
. condition, the base elevation is assumed to be level at the
- center of the mound.

b. Estimated Settlinguthickness is eXpressed as a maximum vaTue

. €. Settlement due to bank1ng is expreased as va]ue at the center

of levee, and the weignt of the base mound is included in the
initial stress.
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The aettlement he1ghts of levee and base mound are summar1zed
below: -

{Unit: m)
: ‘Height of Base Mound Height of Levee
e Before iy After  Before . . After
Stretch - gliie Settle- settle- settle- “CEUIe™ sopgie-
ment ment ment nent
P-14K - POK 2.0 0.5 1.5 2.6 0.3 2.3
POK - P8K 3.0 1.0 2.0 2.7 0.5 2.2

P8K - P28K 2.9 0.4 2.5 3.4 0.3 3.1

Design of Levee and_Base Mound

Levee Cross- sect10n

‘Based on the study results, the slope of 1:3 is adopted for the

proposed levee. On-the other hand, since f]ood1ng duration is con-~

siderably long in the Tower reaches of the Pampanga River, the levee
with berm of 6 m is planned to be constructed on both for the river

and Tand sides.

Base Mound

In order to create the elevated land for the houses to- be transferréd,
‘the base.mound is planned to be constructed at the outside of the

proposed Tevee utilizing the extra dredged soil. The height and

‘width of the base mound are determined below:.

Elevation of © Width of BaSE'MQuhd

Station No. Base Mound Stepwise Plan (20-yr)
(EL. m) - o (m)
12K 120 - 140
P-10K _ 1.20 140
POK - S . 3.00 ‘ 260

+ ' 5, :

PK + 400 5.00 y 240
P1OK 5.40 S .
- ) | 240

p28K 7,00
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3.313' Design of Structure

(1} Outlet Culvert

(2)

In order to drain the inland water, outlet culvert is planned to be
constructed taking -into consideration of drainage area and the exist-

"~ ing culvert as shown in Table 3.5, 3 types of culvert are designed

with the following conditions.

Type ‘Width Height tos. of
- ) )
5 4.5
2.5 2.5
2.5 2.5 | ]

The designed culverts of the said 3 types are shown in Appendix XI,
Orawings. The quantity of the culvert to be constructed is listed
in Table 3.6,

Br‘idg_g

It s neceSsary‘td re-build the f0310w1ng'2 existing bridges by the
implementation of the project.

Location | Width  Length

(m) ON
San Simon: PT6K + 1,300 m 3.8 140

San Lufs: P22k + 1,200m - 3.8 - - 130

These bridges are presently being utilized as communication road con- -
necting between the left and right sides of the river. To design of
the bridges, Tocation of the proposed bridge axis is determined on
the basis of the proposed alignment of low-water channel and social

~conditions of surrounding area. The proposed San Simon bridge is

planned to construct at ‘the just-upstream of the ‘existing site, and
the proposed San Luis bridge is planned at ‘about.700 m upstream of
the existing site. The type of the proposed bridges are designed
as simple composite girder with effective width of 4 m and length
of 225 m with 6 spans. The designed bridges are shown in Appendix
XI, Drawings. : o _ '
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In order to protect the bank s1ope of the channel from erosion due
to flow attack1ng, the revetment is designed taking into account

- the example in similar works of the project area. The proposed
locations of the revetment is ]1sted in Table 3.7, and the typ1ca1
cross-section of the revetment is shown in Fig., 3.8,

3.4 Construct1on Cost

The construction cost of the progect is est1mated by the 1981 price
and by the following assumptions.

a. Execution of the works is -carried out by contract1nq system,
and the civil works are carr1ed out by contractors.

b. The construction equipment excepf dredqer and their spare parts
: required for the works are arranged by contractors,

c. The government procures the dredgers and lends them to contractors
to carry out the dredg1ng works by use of them.

-d. Construct1on schedu]es are as nent10ned in Section 3. /

The, construct1on cost is composed of costs requ1red for land acqui-
“sition and compensation, cost for civil works, engineering and admin-
1strat10n cost including that for fore1gn consu]tants and cont1ngency

The cost requ1red for civil works is ca]cu1ated by multiplying work
quantity by unit-cost. Unit costs are estimated.on’the basis of costs
required for labor, materials, technicians for: execution,’ depreciation
cost of equ1pment, spare parts and 0perat1on cost of equ1pment which are
.as shown in:Table 3.8. These unit costs are included 10% for contractor's
- profit and 3% for tax. ' Cost for: 1and acquisition® and compensation is
estimated based on the unit prices required for similar works in the area.

- The. cont1ngency is assumed at 15% of the sum. of land cost and cost for
civil works, Engineering and administration cost is assumed at about 6%
of the cost for 1and acqu151t1on & compensat1on contingency and: c1v11 works.

The construction costs are c]ass1f1ed into two components of 1oca1
‘currency and foreign currency. - The local currency component is composed
of cost for land acquisition & compensat1on domestic labor cost, cost
“for local materials, cost for engineering & adm1nlstrat10n of the exe-’
.cuting agency and cont1ngency

The fore1gn currency is bas1ca11y c1ass1f1ed into direct foreign
and: indirect fore1gn currency components. The direct foreign currency
~ component comprises the cost of equipment and materials to be imported
and the cost of service by the foreign consultant. The indirect foreign.
' currency component is the cost of imported crude materials such as crude
0il, pig iron and imported equipment and their spare parts.

The cohversion ratio of Peso to US$ and Yen used in the cost esti-
mation are as follows:

P7.5 = US$ = ¥225
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The constrﬂétibn cost for the stepwise plan is estimated at P797 x 106

as shown in Table 3.9,

. .The maintenance cost after the completion of. the project for the .
flood control facilities is assumed P4 x 106 per year which includes dredg- -
ing cost of low-water channel and maintenance cost of facilities such as
revetment, levee, culvert, etc. The cost of dredging of low-water channel
as shown in Table 3.10, is a main part of maintenance cost. The annual
maintenance cost is equivalent to 0.5% of total construction cost.

3.5 Economic Cost

_ Economic construction cost for the project is estimated taking into
consideration deducting tax and contractor's profit for the construction
cost. With respect to compensation cost for the paddy field and the fish-
pond. where flood control facilities are installed, land compensation cost
is evaluated in terms of negative benefit. The economic construction cost
for the stepwise plan is estimated at P639.2 x100 ‘as shown in Table 3.11.

3.6 Flood Control Benefit

The flood control benefit of the project is the decrease in.the flood
damages by the proposed flood control project. Based. on the inundation
area and affected houses under present conditions, decreases in flood
damages by the. flood ‘control project are estimated on the basis of the ! _
results of hydraulic analysis as shown in Table 3.12, applying the follow-
ing values. ' ' _ o

a)'Unit'brice in pdddy area was estimated on ‘the basis of the
values: below: - :

Irrigéted Rainfed

- Ttem | Unit Avea  Area
Gross income - P/ha 8,415 3,890
Production cost P/ha 3,206 2,340
Paddy yield ' t/ha 4.5 2.08

b) Uhit:price'Of'damage to fishpond was assumed at P3,889/ha on
the basis of the data on damage survey report of the flood of

c):Witn regard to damage to privaté properties including houses
-and Tivestock, due to the scarcity of data on the past floods,
1t is assumed that the unit price of damage to. private proper-
~ties is-P3,000/house which is equivalent to about 20% of the
estimated average private properties per one house in the_area.

~d) 35% of paddy damage was assumed as damages to private ﬁfoperties

and public facilities, and indirect Tosses in the North Candaba
-Swamp, based on the damage survey report of the flood of 1960.
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e} 300% of damage to’ prwvate propertaes was assumed as damages to
public facilities-in the area of the South Candaba Swamp and
the downstream area below Sulipan, Ca]ump1t on the basis of the'
.data on the flood in 1978, _

f) 5% of direct damage was assumed as- tndlrect 1053es

The flood damage to'paddy depends upon the water depth, duration of
flood, water velocity, muddiness of water and ‘the growing stage of paddy

. Among ‘these factors, water depth and duration are predominant. In
“this study, it is assumed that damage to paddy depends on the water depth
and the duration of flood. The rate of decrease in yield of paddy is
estimated using the correlation curve as shown in Fig. 3.9.

 With regard to damage to private properties, it is assumed that the
houses in flooded area are damaged when water depth increases’ to more
than 1 -m. .

- The flood control benef1t accrued from the decrease in the flood
damages for the stepwise plan is estimated at P85 2 x 10° in‘annual average
as shown in Tables 3.13 and 3.14.

In this study, the negaf1ve benefit is defined as. the loss of the
. primary prof1t The estimated negative benefit is as follows:

them : . Uﬁit Q'ty ggige Amount
‘ - R — ) (PT.000)
Paddy Area (A class) = ha 46 209L— 240
Paddy Area (B class)  ha 730 1,550(2 1,132
Fishpond ha 1,250 241782 3,021
Total ST e 4,393 -

_Remarks:_il: Profit of 1rr1gated paddy at present per a year =
 /2: Profit of rainfed paddy at present per a year
_[§; Profit of flshpond at present per i year

w1th regard to the fish product10n to be . 1ncreased for the ex1st1ng
fishpond in the upper area owing to. channel excavation of the main
Pampanga River, the benefit accrued from increased fish product1v1ty is
estimated on the basis of the |0110w1nd assumpt1on5 :

“a)} Unit values of fish production at present.

Item  Unit abper . Jover
Gross income ~ P/ha 8,481 11,819
‘Produdtion cost P/ha 7,157 7,157
Productivity Kg/ha. 940 1,310

'b) The'fish'prOdUCt1vity in the dpper area is assumed to be reached
~the value in the lower area owing to channel excavat1on of the
r1ver _
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) The expected fishpond area to be 1ncreased in product1v1ty is
estimated at 2,021 ha based on the inspection survey.

d) The f1shpond intakes to te constructedare required 26 nos. The
construct1on cost is estimated at P1,820,000.

The benefit accrued from the increased fish product1v1ty in the
- upper area 15 estlmated at p6.7 million per annum, _

The tota1 of the annual flood control benefit amounts to ?9] 9 mil-
]10n on an average

3 7 PPOJect Implementation Schedule

3.7.1 Alternative Phas1ngs and Period of Construction Norks

, In view of the large work volume 1nvoTved two phased 1mp1ementat1ons
of the project are studied. The two phases 1nv0]ve 10-year execution-in
which the 1st phase continues from the 1st year to the 6th year and the
2nd phase, overlapping with the 1st phase in the:5th and 6th years,
proceeds from the 5th year to the 10th year :as shown 1in Table 3.15.

The alternative phaSTngs studied are as follows:

Alternative ~ 1 Exeﬁut1on by stretch 1nc1ud1ng all components'bf
- works '

" Ist phase: Stretch between Candaba and:SuTipah, Calumpit
~ 2nd phase Stretch below Sutlipan, Ca]ump1t
A]ternat1ve -2 Exeﬁut1on by stretch 1nciud1ng aIl componente of
works _
1st phase: Stretch be1ow Su11pan Ca]umpit
-2nd phase: Stretch between Candaba and Suiipan, Calumpit:

Alternative - 3 Execution by -componént of works

1st phase: Construction of levee, ‘eXcavation for embankment
‘materials and related structures

2nd phase Remained works

. The 1st phase in Alternative-3 includes some excavation of ]ow—water
channel which is to be required for the materials of ‘levee and base mound
‘constructions, The typical cross-sections of the proposed channel for
the ]st phase in Alternative-3 are shown in Fig. 3.10.

3.7. 2 Flood D1scharge

" To examine the effects for.each a1ternat1ve phase, the flood das-
‘charge distributions for the first phase of the above alternatives are -
anatysed as shown :in Table 3.16 and Fig. 3.11, applying the probable
flood of 20-year return period for A]ternaL1ve 1 and A]ternat1ve 2 and
10-year flood for A]ternat1ve 3.
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